ABSTRACT A method has been devised for the detection and measurement of nitrite reductase activity in intact barley (Hordeum vulgare L. cv. Himalaya) aleurone layers. The technique involves feeding aleurone layers nitrite and measuring nitrite disappearance after a given time period. The method also allows simultaneous determination of nitrite uptake by the tissue. Quantitative recovery of nitrite is obtained by rapid heating of tissue in the presence of dimethyl sulfoxide.
without nitrate. Nitrate-induced activity was inhibited by cycloheximide but not by actinomycin D. Enzyme activity in induced layers was inhibited by 2,4.dinitrophenol, and partially by antimycin A and 2-n-heptyl4-hydroxyquinoline Noxide. Activity in noninduced tissue appeared to be less sensitive to these respiratory inhibitors. In contrast, both activities were inhibited more than 90% by anaerobiosis; but nitrateinduced and noninduced aleurone layers were able to reduce nitrite anaerobically when the concentration of substrate in the assay medium was reduced from 250 pM to 25 pM. Nitrite uptake was relatively insensitive to anaerobiosis and to the inhibitors tested.
Nitrite depletion from the medium by aleurone layers was rapid at pH 4.5 and negligible at pH 7.5. Nitrite accumulated at pH 4.5 under anaerobic conditions was rapidly released when the tissue was transferred to medium at pH 7.5. Nitrite release at pH 7.5 occurred whether the tissue was maintained under anaerobic or aerobic conditions. The reduction of nitrate by intact plant tissues and the release of the reduced product, nitrite, occurs under anaerobic conditions (4, 6, 9) . A similar reponse can be observed aerobically in the presence of respiratory inhibitors (4 ,ug of chloramphenicol in a total volume of 5 ml were stoppered with cotton plugs and placed at 23 C in a metabolic water bath shaker at 200 rpm. Tissue preparation and incubation were done under sterile conditions. After 6 to 12 hr of incubation, the tissue was rinsed with approximately 50 ml of distilled water, and the effect of various conditions on enzyme activity was determined.
Assay of Nitrite Reductase Activity. Unless otherwise indicated, nitrite reductase activity was assayed by measuring nitrite disappearance after placing 10 aleurone layers in 2 ml of medium containing 0.1 M potassium phosphate, pH 4.5, chloramphenicol (20 ug), nitrite, and the treatment solution as indicated in the text. Nitrite (final NaNO, concentration, 2.5 X 10-4 M) was added to start the assay. Two 0.1-ml aliquots were immediately removed to provide an accurate measure of the initial nitrite concentration of the medium with tissue present. After 40 min, two 0.1-ml aliquots of the medium were again removed for nitrite determination. The difference between the final and initial nitrite concentration of the medium indicates the amount of nitrite taken up by the tissue. DMSO' was then added to the medium (final concentration, 50% [v/v]), and the 25-ml Erlenmeyer flask and its contents were placed on a hotplate until the medium came to a boil (about 20-30 sec). Under these conditions the nitrite of the tissue rapidly leaked back into the medium. After cooling, two 0.2-ml aliquots were removed for nitrite determination. The difference between this nitrite concentration and the initial concentration measures the amount of nitrite reduced.
Nitrite was determined colorimetrically by the Griessllosvay method (10) by adding to the unknown 0. The increase in nitrite reductase activity produced by incubation with nitrate was completely inhibited by cycloheximide and enhanced slightly by actinomycin D (Table I) . Nitrite disappearance in noninduced tissue was not affected by either inhibitor (Table I) . Enzyme activity in induced layers was inhibited by three uncouplers of oxidative phosphorylation: DNP, pentachlorophenol (7) , and ioxynil (3) (Table II) . Two inhibitors of mitochondrial electron transport, antimycin A and HOQNO, partially inhibited nitrite disappearance in induced tissue (Table II) ; however, activity in noninduced tissue was unaffected by these two chemicals (Table II) . Anaerobiosis (medium gassed with nitrogen for 1 min) strongly depressed nitrite disappearance in both induced and noninduced tissue (Table II) . Nitrite uptake was relatively unaffected by the inhibitors and anaerobiosis (Table II) .
Nitite Release by Aleurone Layers. The following experiment was performed to determine if aleurone layers could retain nitrite under conditions where nitrite release occurs during anaerobic nitrate reduction (4) . No nitrite is taken up by the tissue at pH 7.5 ( Fig. 1) , the pH of the anaerobic nitrate reduction medium (4). Therefore, tissue was first preloaded with nitrite at pH 4.5, under anaerobic conditions to prevent its reduction. Layers were then placed in nitrite-less medium at pH 7.5 to measure nitrite release. Nitrite levels of the medium at the start of the pH 4.5 preloading period and after 40 min of incubation (before and after DMSO extraction) are shown in Table III Figure 2 . Nitrite disappearance was measured as described in "Materials and Methods." Open and closed circles represent noninduced and nitrate-induced tissue, respectively. (Table IV) . At pH 7.5, considerable nitrite disappeared when tissue was maintained under aerobic conditions. Anaerobic conditions inhibited this disappearance (Table IV) . Kinetics of nitrite release and disappearance at pH 7.5 for aerobic conditions are indicated in Figure 4 . Approximately 50% of the nitrite accumulated in the tissue during preincubation with nitrite at pH 4.5 leaked into the nitrite-less medium during the first 5 min of incubation at pH 7.5.
Anaerobic Nitrite Disappearance at Low Nitrite Concentrations. Nitrite was found to disappear under anaerobic conditions when noninduced tissue was incubated in 25 ,am nitrite (Table V) , a 10-fold lower concentration than that used in previous experiments. DNP partially inhibited this disappearance (Table V) .
On the other hand, nitrate-induced tissue showed no apparent ability to reduce nitrite when incubated with low levels of the latter (Table V) . Unexpectedly, when DNP was included in the assay medium, nearly 2.5 times more nitrite was re- Figure 3 and (Table V) (Table V) . However, one cannot exclude the possibility that DNP might also be enhancing nitrate reduction, for example, by increasing the amount of nitrate available for reduction. In any case, the reduction of nitrite under anaerobic conditions at pH 7.5 is impaired (Table  IV) , and because nitrite cannot be retained by the tissue it leaks into the medium. In the intact tissue assay for nitrite reductase, nitrite disappearance did not occur under anaerobic conditions in the presence of high levels of nitrite (250 pM). This might be due to the accumulation of toxic levels of nitrite within the cell, or due to the insufficient production of energy required for nitrite reduction during anaerobiosis. Assuming 0.01 ml of water and 30 ,umoles of nitrite accumulated per layer (Table   III) , the concentration of nitrite within an aleurone layer would be approximately 3 mm. Such concentrations are toxic to Table II ) with and without -NO. functional groups argues against the possibility that DNP is alternatively accepting reducing equivalents, as has been shown to be the case with isolates of Pseudomonas denitrificans (8) and reductants generated by spinach chloroplasts (12) .
Pentachlorophenol and ioxynil inhibited nitrite disappearance in induced and noninduced tissue equally at the lower concentrations, but not at the higher concentrations (Table II) 47, 1971 its temperature coefficients and its sensitivity to anaerobiosis and uncouplers of oxidative phosphorylation. The ability to inhibit nitrate-induced nitrite reductase activity with cycloheximide argues for a requirement for protein synthesis in the induced system.
